tions were not detected. With few exceptions, all of the recipient strains were susceptible to lysis by phages of group I or phage 81 or both. Strains susceptible to lysis by phages of groups II and III, but resistant to lysis by phages of group I or phage 81, were not transduced.
Transduction in Staphylococcus aureus was first reported by Ritz and Baldwin (1958) Iowa. demonstrated that the capacity to produce penicillinase was transferred from one strain of S. aureus to another by means of a virulent phage. Evidence was presented by these authors that this instance of genetic exchange was similar to transduction as first reported by Zinder and Lederberg (1952) . Morse (1959) obtained the transduction of resistance to streptomycin and novobiocin in S. aureus using, as a transducing phage, an ultraviolet-inducible mutant of typing phage 53.
The present report is concerned with the incidence of strains of S. aureus capable of participation in transduction, the capacity of a number of phages to mediate the transduction process, and the transduction of resistance to chlortetracycline and novobiocin.
MATERIALS AND METHODS
Bacteriophages. The bacteriophages of the International Typing Series employed in this study were originally obtained from John E. Blair, and were maintained in the Department of Bacteriology, Ohio State University. All phages were propagated by the agar-layer technique of Swanstrom and Adams (1951) , using P and D broth (nutrient broth containing 0.2% dextrose and 0.25% K2HPO4) to which 1.5 and 0.3% agar were added for the base and soft-agar layers, respectively. Phages were harvested in P and D broth and stored at 4 C after sterilization with 02 Selas filters (Selas Corporation of America, philadelphia, Pa.). The titers of the phage filtrates were invariably in excess of 1 X 1010 plaqueforming units per milliliter. The phages employed for the characterization of cultures according to their patterns of lysis were as follows: group I, phages 29, 52, 52A, 79, and 80; group II, phages 3A, 3B, 3C, 51, 55, and Ms39; group III, phages 6, 7, 83, 53, 54, 42B, 42E, 47, 47B, 47C, 70, 73, 75, and 77; miscellaneous, phage Bacterial strains. All cultures of S. aureus were maintained at 4 C on brain heart infusion (BHI, Difco Laboratories, Detroit, Mich.) agar slants containing 7.5% NaCl. Cultures were transferred to fresh media at intervals of 3 months. These cultures were obtained from several different sources, and all were of human origin.
The degree of resistance of the bacterial strains to each antibiotic was determined after growing them overnight at 37 C on BHI agar slants. Each culture was uniformly suspended in 1.0 ml of P and D broth, and 0.05 ml of the cell suspension spread over the surface of each of the BHI agar plates containing the various concentrations of the antibiotic. The plates were then incubated at 37 C for 24 hr, porcelain lids being used during the initial 4 to 6 hr of incubation to facilitate drying of the agar surface. After incubation, the plates were examined for the relative degree of growth at each concentration of the antibiotic. The level of resistance of strains resistant to the antibiotic was recorded as the maximum concentration of that antibiotic which allowed uninhibited growth to occur. The level of sensitivity of strains sensitive to the antibiotic was recorded as the minimum concentration of that antibiotic necessary to inhibit the growth of first-step mutants present in the population.
Phage types were determined by a modification of the technique described by Williams and Rippon (1952) . Cultures were grown overnight at 37 C on BHI agar slants, after which each culture was uniformly suspended in 5 ml of P and D broth. A cotton swab moistened in the cell suspension was then used to inoculate the surface of a Trypticase soy agar (TSA, Baltimore Biological Laboratory Inc., Baltimore, Md.) plate, and the inoculum allowed to dry. Agar plates employed for phage typing were routinely dried at 37 C for 24 hr prior to use. The concentrated phage filtrates were diluted 1:200 in P and D broth for use in the determination of phage types. A drop of each diluted phage filtrate was placed on a predetermined area of the inoculated surface of each TSA plate with a tuberculin syringe fitted with a 28 gauge needle. When the phage inocula were dry, the plates were incubated at 37 C for 6 to 8 hr. The lytic reactions were then noted and the plates incubated at 37 C for an additional 16 to 18 hr. A final determination of the lytic reactions was then made, and the phage type of the strain recorded.
Three strains of S. aureus were employed as donors of the genetic determinants of penicillinase production, chlortetracycline resistance, and novobiocin resistance. Strain U9(Pase,Tet) was susceptible to lysis by phages 80 and 81. It produced sufficient penicillinase to grow on BHI agar containing 100 units of penicillin per ml (Pase marker), and grew on BHI agar containing 75 ,ug of chlortetracycline per ml (Tet marker). This strain was also resistant to erythromycin and streptomycin. From strain U9(Pase,Tet), which was sensitive to 3.0 ,g or less of novobiocin, a mutant was isolated by the gradient plate technique of Szybalski (1952) which was resistant to 20 ,ug of novobiocin per ml of BHI agar (Nov marker). This mutant, designated U9(Pase,Tet,-Nov), was identical with the parent strain in every respect except for the acquired resistance to novobiocin. Strain 655 (Pase,Tet) was susceptible to lysis by phages 29, 52A, 79, 7, 83, 47, 53, 54, 73, and 77 . This strain grew on BHI agar containing 100 units of penicillin or 75 MAg of chlortetracycline per ml, and was resistant to erythromycin and streptomycin.
Transduction procedure. Recipient strains were grown on BHI agar slants incubated at 37 C for 18 to 24 hr, after which each culture was uniformly suspended in 1.0 ml of P and D broth in a centrifuge tube. The concentration of cells obtained in this manner varied between 2 and 6 X 1010 cells per ml. To the centrifuge tube was then added 1.0 ml of the transducing phage filtrate with a minimum titer of 1 X 1010 plaqueforming units per ml. When a control was desired, 1.0 ml of P and D broth was substituted for the phage. The centrifuge tube was then shaken for 1 hr on a Burrell Wrist-Action Shaker (Burrell Corporation, Pittsburgh, Pa.) with the arm mounted over a 37 C water bath so that the lower portion of the tube was submerged. The cells were then centrifuged, washed once with 1 ml of P and D broth, and resuspended in 1.0 ml of P and D broth; 0.05-ml quantities of the suspension were then spread over the surface of each plate of the selective medium with the Table 4 , the use of BHI agar was not necessary for the isolation of transductants from recipient strains resistant to lysis by the transducing phage. Further studies revealed that lysis of chlortetracycline-resistant strains by phages 29, 52A, 79, 80, and 53 was inhibited by chlortetracycline at a concentration of 3.0 Ag/ml of TSA.
Characteristics of transductants. An examination of the level of resistance conferred on a strain by the Pase, Tet, and Nov markers revealed that these markers, when present in the genome of the donor strain or transductant, allowed growth on BHI agar containing the same maximal level of the appropriate antibiotic. All of the transduced characteristics were stable after 1 year or more of subculture, and transductants which supported the propagation of a transducing phage served as donors of the transduced characteristics at frequencies equal to those observed with the original donor strain. The Pase, Tet, and Nov markers were always transduced independently.
The effect of transduction on the phage type of the recipient strains was determined by transducing 16 recipient strains with phage 80/U9(Pase, Tet) and isolating the penicillinase-producing transductants. The phage types of transductants from each recipient strain were determined (Table  5) after isolating a single colony by streaking onto BHI agar containing 50 units of penicillin per ml.
Twelve recipient strains were transduced with phage 80/U9(Pase,Tet), and the Pase and Tet transductants isolated from each population. After purification, the lysogenicity of these transductants and the parent recipient strains was compared using seven nonlysogenic indicator strains and the cross-culture technique of Fisk (1942) . The results indicate that the transductants obtained from nonlysogenic recipient strains were often lysogenic. Some transductants obtained from lysogenic recipient strains possessed a pattern of lysis on the indicator strains which differed from the parent recipient strain. In many instances, however, recipient strains remained nonlysogenic after transduction, or retained a pre-existing pattern of lysis. These changes were not associated with any other characteristic of the strains examined. In addition, the lysogenizing phage was isolated from a number of transductants and propagated on donor strain U9(Pase,Tet). The resulting lysates, while of sufficiently high titer, were devoid of transducing activity and possessed a pattern of lysis on indicator strains which differed from that of phage 80. In conjunction with these studies, strain U9(Pase,Tet) was found to be nonlysogenic after tests employing 160 (Bynoe, Elder, and Comtois, 1956 ). On the basis of transduction frequencies and number of recipient strains transduced, phage 79 was the least competent and phage 80 was the most competent among those phages capable of transduction. While the recipient strains Nere initially selected by use of phage 80/U9(Pase,Tet), these strains possessed nearly all possible phage types -involving phages 29, 52A, 79, 80, and 81. Therefore, the relative transductional competence of the phages is felt to be a reflection primarily of the phage genome, the genome of the bacterial strains being of secondary significance.
In most instances, the ratio of the transduction frequencies of the Pase and Tet markers was about 1:10 when transduction was performed with phage 80. When other phages were employed, the frequency of transduction of the Tet marker remained approximately the same, while the frequency of transduction of the Pase marker decreased significantly among those recipient strains which were transduced. These observations are felt to be due to a degree of genetic incompatability associated with the Pase marker, but not with the Tet marker, of donor strain 655(Pase,Tet). Unfortunately, this donor strain would not support the propagation of phage 80, and the effects of the phage genome could not be compared directly. The efficiency of the transducing phage in infecting the recipient cells cannot be seriously considered as influencing the transduction frequencies of the Pase marker. The transduction frequencies of the Tet marker were nearly identical in many instances when phages 29, 52A, and 80 were used for transduction.
The fate of the genome of the transducing phage has not been determined. At present, however, it is felt to undergo abortive infection, due either to a natural block in the lytic cycle in naturally resistant strains, or to an alteration in susceptible cells brought about by cultivation on BHI agar. Heart infusion agar, like BHI agar, has been found to inhibit lysis, although the responsible component has not been identified in either medium. No evidence for lysogenization by the transducing phage has been obtained. If phage 80 does lysogenize the transductants, it is probably modified with respect to transductional competence and host range. This is in direct contrast to the results of Morse (1959) , who obtained nearly 100 % lysogenization of the transductants by the transducing phage.
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